Abstract. Hepatocellular carcinoma (HCC) is a type of malignant tumor with a high mortality rate. Long non-coding RNAs (lncRNAs) serve important roles in cellular processes and gene regulation. Identifying novel prognostic biomarkers is important for the monitoring and treatment of HCC. However, only a limited number of biomarkers with high sensitivity and specificity have been determined and are used in clinical practice. The aim of the present study was to investigate the use of serum lncRNA uc007biz.1 (LRB1) expression levels as a novel non-invasive biomarker for the monitoring and diagnosis of HCC. The expression levels of LRB1 were detected in 326 patients with HCC and 73 healthy volunteers by using lncRNA expression microarrays and reverse transcription quantitative polymerase chain reaction analysis, and the associations between LRB1 expression and clinical parameters were analyzed. The results indicated that the serum LRB1 levels in patients with HCC were significantly increased compared with healthy volunteers. The serum LRB1 levels were positively associated with α-fetoprotein (AFP) expression, large tumor sizes, tumor stage (tumor-node metastasis or Barcelona Clinic Liver Cancer stage) and venous invasion, and were negatively associated with overall survival. Additionally, the use of a combination of LRB1, AFP and des-γ-carboxy prothrombin (DCP) markers for the diagnosis of HCC, the diagnostic accuracy was increased compared with using LRB1 alone. LRB1 may act as an important regulator in the progression of HCC, and LRB1 may be considered as a novel biomarker for diagnosis and prediction of prognosis of HCC, additionally complementing the accuracy of AFP and DCP.
Introduction
Hepatocellular carcinoma (HCC) is the fifth-most common malignant tumor with poor prognosis globally in the previous 10 years, and also is the second most common cause of cancer-associated mortalities in China in the previous 10 years (1, 2) . For patients with HCC who undergo surgery, radiotherapy and chemotherapy treatment, the median survival rate is ~40% (range, 15-62%) after 5 years. If patients are diagnosed early and treated appropriately, the 5-year survival rate may increase >70% (3) . To improve prognosis and diagnosis, predictive biomarkers for HCC are required, allowing screening of high risk patients in order to provide timely and suitable treatment (4) . To date, certain oncofetal proteins are used in clinical settings as diagnostic markers for a wide variety of tumors and to monitor recurrence following treatment (5) . However, the accuracy, sensitivity and the detection thresholds for these diagnostic markers are low. Therefore, novel biomarkers with high specificities and sensitivities are necessary to ensure that the optimal clinical decisions for patients with HCC are available.
Over the previous decades, a number of tissue-specific and circulating biomarkers of HCC have been identified from retrospective studies, but the lack of clinical validation has limited their use (6) (7) (8) . The serum levels of α-fetoprotein (AFP) and lens culinaris lectin-reactive AFP, and imaging techniques, including ultrasonography, magnetic resonance imaging or computer tomography are the gold standard to identify suspected cases of HCC (7, 8) . However, many early-stage HCC (<2 cm) patients have a low level of AFP, and the detection of AFP can not effectively predict the HCC leading to high false-negative rates (>30%) (9, 10) . Therefore, novel diagnostic biomarkers with high specificity and sensitivity are required.
Long noncoding RNAs (lncRNAs) are a type of noncoding RNAs with >200 nucleotides, which act as the regulatory molecules and may serve central roles in a variety of diseases through complex mechanisms (11, 12) . Therefore, identifying HCC-associated oncofetal lncRNAs may be important for the diagnosis and treatment of HCC. Additionally, previous studies have demonstrated that specific lncRNAs are associated with cancer development, and are detectable in plasma, highlighting the convenience and speed of detection of these biomarkers (13, 14) . For example, the lncRNA SOCS2-antisense RNA 1 is positively associated with castration-resistant prostate cancer, whereas lncRNA neuroblastoma associated transcript 1 is negatively associated with neuroblastoma in stage 2A (15) (16) (17) . Therefore, the levels of lncRNAs in plasma may act as potential biomarkers for cancer detection, diagnosis, tumor grade screening and recurrence monitoring during clinical treatment.
In the present study, the abnormal expression of serum LRB1 was identified in patients with HCC. The potential value of LRB1 as a biomarker for the detection and monitoring of prognosis of patients with HCC was investigated, and the diagnostic accuracy of LRB1 in sera was compared to des-γ-carboxy prothrombin (DCP) and AFP, respectively and in different combinations, in patients with HCC, consequently providing the optimal combination of biomarker indices for HCC detection. The median expression level of LRB1 was used as the cut-off value, and all of the patients with HCC were divided into two groups according to the cut-off value of LRB1.Firstly, peripheral blood was collected from each patient with HCC, then a second blood sample was obtained 10 days after surgery using BD Vacutainer ® sodium heparin tubes (BD Biosciences, Franklin Lakes, NJ, USA). The blood samples were centrifuged at 4˚C with 800 x g for 20 min, 2,000 x g for 10 min and then 5,000 x g for 5 min for the prevention of contamination with nucleic acids. Then, the serum samples were transferred into 1.5 ml tubes and stored at -80˚C until use.
Materials and methods

Patients
HCC diagnosis and grade determination. The HCC diagnoses were determined according to the American Association for the Study of Liver Diseases practice guidelines (18) . The direct HCC diagnosis gold standard is pathological detection, and the tumor tissues are obtained through surgical resection or percutaneous biopsy. Alternatively, blood biochemical detection and radiological diagnosis are indirect methods of detection. For tumor stage determination, Tumor Node Metastasis (TNM) stage was assessed postoperatively according to the 7th edition of American Joint Commission on Cancer (19) , and the clinical definition of HCC stage was determined based on the Barcelona Clinic Liver Cancer (BCLC) classification (20) .
Clinical chemistry and detection of AFP and DCP. Blood samples were collected for detection of the biomarker indices using the SpotChem EZ clinical chemistry analyzer (ARKRAY Inc., Kyoto, Japan). The levels of serum AFP were analyzed by Human α-Fetoprotein Quantikine ® ELISA Kit (cat. no. DAFP00; R&D Systems, Minneapolis, MN, USA) according to the manufacturer's protocol. The serum DCP concentrations were detected by Lumipulse G1200 auto-analyzer (FUJIREBIO Inc., Tokyo, Japan) according to the manufacturer's protocol. All the experiments were repeated three times, and the average values were calculated.
RNA extraction and reverse transcription quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from serum samples using the RNA Isolation kit (Axygen Scientific, Inc., Union City, CA, USA) according to the manufacturer's protocol. Triplicates of each gene and each specimen were used, with GAPDH as an internal standard. The single-strand cDNA for PCR template was synthesized from 10 µg of total RNA by ReverTra Ace qPCR RT kit (cat. no. FSQ-101; Toyobo Life Science, Osaka, Japan) from the extracted total RNA. StepOne™ Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used in the RT-PCR assay. The RT-PCR was performed with a total reaction volume of 20 µl, including 10 µl Power SYBR Green PCR Master mix (Roche Diagnostics, Indianapolis, IN, USA), 5 pmol of forward and reverse primer respectively and 2 µl of cDNA. Quantification cycle (Cq) was observed in the amplification with 35 cycles of 1 min at 95˚C, 1 min at 58˚C, and 1 min at 72˚C. The results were normalized to GAPDH, which served as the endogenous control, and the relative expression of LRB1 was quantified using the 2 -ΔΔCq method (21) . The PCR primer sequences for LRB1 and GAPDH were as follows: LRB1 forward, 5'-TCA TGC GAT AGC TGA ACG CTA-3' and reverse, 5'-GAG GCC GGT AGT CGT AACT-3'; GAPDH forward, 5'-ATT CCA CCC ATG GCA AAT TC-3' and reverse, 5'-TGG GAT TTC CAT TGA TGA CAA G-3'.
Microarray analysis of lncRNAs. Total RNA was extracted from serum samples using an RNA Isolation kit (Axygen Scientific, Inc.) according to the manufacturer's protocol., the extracted RNA was amplified and transcribed into fluorescence-labeled cDNA using Quick Amp Labeling kit (Agilent Technologies, Inc., Santa Clara, CA, USA), the labeled cDNA was hybridized onto a lncRNA Array 2.0 (8x60 K array; ArrayStar, Inc., Rockville, MD, USA) for lncRNA expression detection. The array was scanned using Agilent Scanner G2505C (Agilent Technologies, Inc.), and the array images were obtained by Agilent Feature Extraction software (version 11.0.1.1; Agilent Technologies, Inc.). Accessible raw and normalization data was processed using GeneSpring software (version GX v12.1, Agilent Technologies, Inc.). Subsequently, functional annotation was performed on the samples using the gene set enrichment analysis (GSEA) method (22) , GSEA was supported by the Broad Institute website (http://www.broadinstitute.org/gsea/index.jsp), and was performed using the GSEA software (version 2.2.2; Broad Institute, Inc., Massachusetts Institute of Technology, and Regents of the University of California).
Statistical analysis. All data were presented as the mean ± standard deviation, and were analyzed using SPSS (version 20.0; IBM Corp., Armonk, NY, USA). The differences between two groups were analyzed using Pearson's χ 2 test, paired Student's t-test, Wilcoxon test or Fisher's exact test. For comparisons between more than two groups, the differences were estimated using Kruskal-Wallis test, followed by Bonferroni post hoc testing. Pearson's correlation coefficient was used to analyze the correlation between LRB1 and AFP as well DCP respectively in diagnosis of HCC. Receiver operator characteristic (ROC) curve and area under the curve (AUC) analyses were used to detect the accuracy of markers with a 95% confidence interval (CI). The sensitivity represents the true positive rate and was used as the y-axis, (1-specificity) represents the false positive rate and was used as the x-axis. The value of AUC is the size of the area under the ROC curve and is between 0.5 and 1, and the closer the AUC is to 1, the better the diagnosis. The Kaplan-Meier method was used to analyze the postoperative survival rate, and the log-rank test was used to assess the difference of survival rate in different groups. The correlation between serum LRB1 level with pathological and clinical characteristics was analyzed with the Spearman rank correlation. P<0.05 was considered to indicate a statistically significant difference.
Results
Evaluation of serum LRB1 levels in patients with HCC. In order to investigate the hypothesis that the serum level of LRB1 is a potential biomarker for the diagnosis of HCC, an lncRNA expression microarray and RT-qPCR for the lncRNA expression detection was performed with samples from 326 patients with HCC and 73 healthy volunteers. The results of the lncRNA expression microarray indicated that the serum LRB1 expression was significantly increased (P<0.001) in patients with HCC compared with healthy volunteers (Fig. 1A) , and the results of GSEA suggested that the expression of LRB1 was associated with HCC (Fig. 1B) . The RT-qPCR assay also confirmed that the expression of serum LRB1 in patients with HCC was significantly increased compared with healthy volunteers, and that the expression of LRB1 exhibited a positive association with HCC stage (Fig. 1C) . Concurrently, the expression of AFP and DCP was analyzed, and the results were similar to those of LRB1. The expression levels of AFP and DCP in patients with HCC were significantly increased compared with healthy volunteers (Table I) .
Association between serum LRB1 expression levels and clinicopathological factors in patients with HCC. In order to detect whether the serum level of LRB1 was associated with the clinicopathological factors in patients with HCC, 326 patients with HCC were enrolled in the present study. The serum samples were divided into two independent groups according to the median expression level (47.24 ng/ml) of LRB1 in HCC patients. The results indicated that the serum LRB1 expression level was associated with AFP expression, larger tumor size, tumor stage and venous invasion (Table II) . However, there was no significant association with sex, age and hepatitis B virus infection (Table II) . These results suggest that LRB1 may serve an important role in hepatocarcinogenesis and tumor progression.
Serum LRB1 levels in HCC tumors may be used for prediction of tumor prognosis according to tumor stage.
In order to determine the association between serum LRB1 level and HCC progression, patients with HCC were divided into several groups according to TNM or BCLC stages, and the serum LRB1 levels were presented in Fig. 1C and Table I . The results suggested that the LRB1 levels in patients with HCC were significantly increased compared with the healthy controls. In patients with TNM stages I-II, the levels of LRB1 were significantly decreased compared with patients with TNM stages III-IV. Similarity, the levels of LRB1 in patients with BCLC stages A-B were significantly decreased compared with patients with BCLC stages C-D, where BCLC A-B and BCLC C-D represent early-stage and represents late-stage disease, respectively. Concurrently, the DCP and AFP levels were also detected in patients with HCC. When stratified by TNM or BCLC stages, the levels of DCP in patients with TNM I-II or BCLC A-B were significantly decreased compared with patients with TNM III-IV or BCLC C-D (Table I) . However, no statistically significant differences in AFP levels between patients with different TNM or BCLC stages were observed (Table I) . Compared with the healthy control group, LRB1, DCP and AFP levels in patients with early stage HCC were significantly increased compared with the healthy group (Table I) . Subsequently, survival analysis of the follow-up data of patients with HCC was performed. As indicated by Kaplan-Meier survival analysis, patients with HCC with low serum LRB1 levels exhibited improved overall survival compared with patients with high serum LRB1 levels ( Fig. 2A) . These results indicate that the serum level of LRB1 in patients with HCC was associated with tumor prognosis, and may be used as an indicator of tumor stage detection.
Accuracy of LRB1, AFP and DCP markers for the diagnosis of HCC.
Based on the ROC curve analysis (Fig. 2B) , the optimum cut-off values of LRB1, AFP and DCP were calculated as 3.481, 9.36 ng/ml and 41.26 mAU/ml, respectively. The results for AUC, 95% CI, sensitivity and specificity values for all biomarkers were calculated (Table III) . In present clinical detection, the threshold values of AFP and DCP were 10 ng/ml and 35 mAU/ml, respectively, and the threshold values of AFP and DCP in our research were 9.36 ng/ml and 41.26 mAU/ml, respectively; therefore, the clinical examination threshold is notably similar to the threshold in our experiment. ROC analysis was performed to assess the ability of the markers in distinguishing between patients with HCC and healthy controls. The results indicated that the AUC value for LRB1 marker was higher compared with the values for AFP or DCP ( Fig. 2B ; Table III ). According to Pearson's correlation analysis, the results indicated that there were no statistically significant correlations between LRB1 and AFP or DCP. Therefore, it was subsequently evaluated if the combination of these three HCC markers may improve the accuracy of diagnosis. The results indicated that the diagnostic accuracy of LRB1 combined with AFP or DCP were markedly increased compared with the accuracy of using LRB1 alone ( Fig. 2B ; Table III ). In addition, the diagnostic accuracy may be optimized when a combination of all three markers, LRB1, AFP and DCP, was employed. (Fig. 2B ; Table III ).
The accuracy of using each of the markers (LRB1, AFP and DCP) alone and a combination of these markers for the diagnosis of early-stage HCC (TNM stages I-II or BCLC stages A-B) was also assessed. The results indicated that the AUC value of the LRB1 marker was higher compared with AFP and DCP for TNM stages I-II ( Fig. 3A; Table IV) or BCLC A-B ( Fig. 3B ; Table V ). In addition, when a combination of the three markers was employed for the diagnosis of TNM stages I-II vs. control ( Fig. 3A ; Table IV) or BCLC stages A-B vs. control ( Fig. 3B ; Table V), the AUC value was the highest. These results suggested that serum LRB1 has a high accuracy for the diagnosis of HCC and early-stage of the disease, and the combination of LRB1, AFP and DCP may increase the accuracy of diagnosis of HCC and early-stage of the disease.
Discussion
HCC is one of the common types of malignant tumor that is associated with a poor prognosis, and the second most common cause of cancer-associated mortality in China (1-3) . HCC frequently occurs in patients with liver cirrhosis, and the low rates of early diagnosis and high recurrence rates result in a poor prognosis (23) . Detection of early-stage HCC increases the availability of appropriate treatment, including local ablative therapy, resection or liver transplantation. These treatments may prolong survival (24, 25) . Although the markers DCP and AFP are widely used for the detection of HCC, the sensitivity and specificity values are not optimum (9, 26, 27) . Consequently, novel molecular biomarkers for the diagnosis of HCC and monitoring of therapy are urgently required, particularly in early-stage cancer screening protocols.
Previous studies investigating the human genome and transcriptome sequencing revealed that only a minority of gene transcripts encodes protein. The majority of the genome that is transcribed does not encode protein (12) . lncRNAs are a type of noncoding RNA molecules with >200 nucleotides (12) . Previous studies have demonstrated that dysregulation of lncRNAs may alter epigenetic information and promote cell growth, resulting in tumor growth and progression (28, 29) . The survival of cancer cells and proliferation is associated with the expression level of lncRNAs, which is associated with cancer diagnosis and prediction of tumor prognosis (30, 31) . Therefore, the identification of cancer-associated lncRNAs and their clinical functions is important, and may contribute to the identification of novel cancer biomarkers, and clarify oncogenic and tumor networks. In previous studies, serum lncRNAs have been used as biomarkers to identify various types of cancer, including lung, gastric and breast cancer (32) (33) (34) . However, a small number of studies demonstrated the potential use of serum lncRNAs in the diagnosis and prediction of prognosis of HCC (35) . Therefore, there may be a novel lncRNA biomarker for the diagnosis of early-stage HCC.
In the present study, a lncRNA expression microarray, GSEA and RT-qPCR analyses were conducted in 326 patients with HCC and 73 healthy volunteers, the results of which suggested that LRB1 is significantly associated with a risk of HCC, and that the serum LRB1 level is associated with HCC early diagnosis and tumor prognosis. The serum LRB1 levels in patients with HCC were significantly increased compared with the healthy volunteers. In current clinical HCC detection, AFP and DCP are widely used as biomarkers, but the associated high false-positive rates limit the use of these markers.
In the present study, the results indicated that LRB1 level was positively associated with AFP expression, large tumor Table II . Clinicopathological association of LRB1 expression levels in patients with HCC. size, tumor stage (TNM or BCLC stage) and venous invasion. Additionally, the association between LRB1 level and clinical outcomes were detected. The Kaplan-Meier analysis suggested that LRB1 level was significantly associated with overall survival of patients with HCC, and higher LRB1 levels were associated with poorer recurrence-free survival rates. In addition, in the present study, the AUC and sensitivity values for LRB1 for distinguishing between patients with HCC and healthy controls were higher compared with DCP or AFP, but the specificity value was lower for LRB1 compared with DCP Realizing the sum of sensitivity and specificity maximizing and the overall error minimizing, so that the best predicted probabilities of LRB1, AFP, DCP, and their different combinations are obtained. LRB1, lncRNA uc007biz.1; HCC, hepatocellular carcinoma; TNM, tumor-node metastasis; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin; AUC, areas under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio. Realizing the sum of sensitivity and specificity maximizing and the overall error minimizing, so that the best predicted probabilities of LRB1, AFP, DCP, and their different combinations are obtained. LRB1, lncRNA uc007biz.1; HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin; AUC, areas under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio.
or AFP. When a combination of all three markers (LRB1, AFP and DCP) was employed for the diagnosis of HCC, the AUC and specificity values were markedly higher compared with using LRB1 alone. However, the sensitivity value of using a combination of all three markers was lower compared with using LRB1 alone. These results indicated that there is a high expression of LRB1 in HCC and therefore this may be used to may predict the prognosis and overall survival of patients with HCC. Consequently, serum LRB1 may be a novel biomarker for HCC diagnosis and prediction of prognosis.
Previous studies have demonstrated that circulating lncRNAs are associated with tumor dynamics (11) (12) (13) (14) (15) . In the present study, serum LRB1 levels demonstrated clinical significance in the diagnosis of HCC and prediction of tumor prognosis, as high serum LRB1 levels were associated with higher degrees of malignancy of HCC. These findings suggested that higher serum LRB1 level may be an independent prognostic factor of poor prognosis of patients with HCC, and that serum LRB1 level was associated with the early stages of HCC. Taken together, serum LRB1 level may be used for monitoring, diagnosis and prediction of prognoses of HCC, and employing a combination of LRB1, AFP and DCP may increase diagnostic accuracy.
In summary, to the best of our knowledge, the present study was the first to reveal the use of serum LRB1 level in cancer diagnosis and prognosis. LRB1 may act as an important key regulator in HCC progression and be a potential therapeutic target for treatment of HCC. Although the sample size of the present study was small, the data suggested that serum LRB1 may serve as a useful biomarker for the diagnosis of HCC and prediction of prognosis. When a combination of LRB1, DCP and AFP was employed, the diagnostic accuracy was markedly increased. Large-scale prospective studies are required to validate the accuracy and effectiveness of LRB1 as a biomarker of HCC, including the use of a combination of LRB1, DCP and AFP markers.
